This paper introduces the theoretical foundations and the structure of a macroeconometric model for the analysis of compensation schemes. After a brief explanation of the main relationships between technical change and employment, the general structure of the model is outlined with reference to the objective of the analysis. The formal model illustrates a possible way of approaching, from a macroeconomic perspective, the analysis of the complex relations between technological change, trade, growth and employment dynamics. The aim is to highlight the relevance of some aspects that in the past have only received a minor treatment in mainstream contributions to the issue. In particular, the strong dependence of the results on distribution and demand is recognized. The model proposed is the extended version of a macroeconomic model previously presented by Vivarelli (1995) . Modifications have both theoretical and technical relevance. Some results from an application to Italy and the United Kingdom follow a brief discussion on the techniques adopted for the econometric estimation.
Introduction
The recent wave of technological change, which has mainly been associated with the rise of knowledge intensive industries, such as ICTs, has generated worries about the possible negative impact of innovation on employment. This is not a new phenomenon as workers have often opposed the introduction of labour-saving new technology since the industrial revolution.
Although in the past constant advances in technology have been associated with periods of almost full employment, the possibility that the emergence of new technologies may cause prolonged periods of unemployment has to be considered. This is especially the case in European countries, which are experiencing high and persistent rates of unemployment and fast technical change. It is difficult, however, to identify and measure the complex links between innovation and employment as many feedback effects are present in the economy.
In particular, it has been pointed out that the supply shocks generated in the economy by the introduction of new technology are compensated by various mechanisms that tend to bring the economy back towards full employment. The effectiveness of each single compensation mechanism, however, has been questioned. Moreover, some compensation mechanisms are not even compatible with each other as often the action of one mechanism limits the functioning of others. Hence a judgement on the effectiveness of each compensation mechanism can only be reached through an empirical analysis that measures its strength.
The effectiveness of each compensation mechanism and, more generally, of the way in which technical change and employment are linked depend on the institutional structure of each economy. In an economy where firms have a large degree of monopoly power, for instance, productivity increases will not necessarily be reflected in lower prices. The measurement of the strength of the various compensation mechanisms, therefore, can offer valuable information on how the institutional structure of a country affects the dynamics of technology and employment. Such information, in turn, is necessary for sound policy decisions.
If we consider the production method as not only a technical principle, but also as an implicit institutional regulation mechanism, then limiting the analysis to price allocation could be misleading. The conduction of the analysis within the bounds of a mainstream labour market approach automatically excludes the possibility of alternative explanations. The paper's approach follows the classical economists' compensation theory. Although this implies the revival of an old, almost death, language it also permits a critical review of the different theoretical point of view without incurring in excessive methodological fragmentation. It is worth noting that, even if a compensation approach is yet not proposed in the linguistic form belonging to radical philosophers, neoclassical analysis substantially is still enclosed (with a more optimistic view) in such framework.
The next section briefly reviews the main compensation mechanisms proposed by the theory, section 3 introduces the modeling strategy and discusses the relationships represented in the empirical model, section 4 provides some brief background on the estimation techniques adopted. Section 5 contains some econometric result for Italy and the United Kingdom. A comparison across countries can provide useful information about the effects that economic institutions (such as labour markets, systems of innovation, financial markets and competition policy) have on the effectiveness of each mechanism. Some considerations on the implications for the compensation theory will conclude the paper.
Technical change and employment dynamics: The main relationships
The first consideration in the analysis of the effects of technical change on employment is to look at the direct effects of various types of technical change on the level of employment. The Austrian economist Joseph Schumpeter (1961) introduced the distinction between product and process innovation. Those two different types of innovation have different direct effects on employment. Process innovation usually reduces employment as it reduces the quantity of factors of production needed, especially if it is of a labour-saving kind. Product innovation, however, generates more employment as more labour is needed to produce new goods. These two direct effects, however, are only the beginning of the story as a number of feedbacks affect the final impact of technical change on employment. In our analysis, we shall focus on six compensation mechanisms that might reduce the impact of innovation on employment.
Compensation via decrease in prices
Process innovation is usually associated with increases in labour productivity and therefore a reduction in unit costs. In a competitive economy, the decrease in costs also produces a reduction in the prices of the existing goods, which, in turn, leads to an increase of the demand for goods and therefore an increase in the demand for labour. This mechanism, therefore, works at different stages. First, the reduction in unit costs generated by process innovation is translated in a price reduction. Second, the reduction in prices boosts consumers' demand for goods and therefore generates an increase in output; this is the rationale of the mechanism generally maintained. In an open economy the reduction in prices can also produce positive changes in competitiveness, thus augments in exports (reduction in imports) and production. Anyway, it should be considered that favourable changes in the trade balance can then produce, in a flexible exchange rates mechanism and through a contraction in the necessity of capital inflows (improvements in the balance of capital), reductions of the real exchange rate (we refer to the uncertain per certain definition), thus a contrasting effect on imports and exports. In a fixed exchange rates mechanism such situation should produce a reduction in the nominal interest rates compared to the ones prevailing on the market, thus improving the financial conditions for real investments.
Some other factors, however, can obstacle the effectiveness of this mechanism. First, if the innovating firms have enough market power the decrease in unit costs does not translate into a price reduction. Second, according to a Keynesian argument the effective demand might be saturated and the price reduction might not be sufficient to stimulate it. In addition, the immediate reduction in total wages caused by process innovations might depress effective demand more than the reduction in prices boost it.
Compensation via decrease in wages
A typical argument put forward by neoclassical economists is that the reduction in wages that follows an increase in unemployment -the Phillip's relationship -increases the marginal productivity of labour and therefore encourages firms to use more labour intensive techniques of production thereby boosting employment.
The effectiveness of this mechanism runs against three main problems. First, it might not be technically possible to substitute capital with labour. A number of empirical studies of technical change have shown that the smooth production functions often used in economic models are unrealistic and the trajectories followed by technical change within technological paradigms involve substantial rigidities. Second, following a Keynesian approach, a reduction in real wages can lead to a reduction in effective demand and to further unemployment. Third, the extent to which an increase in unemployment affects the real wage depends on institutional factors, such as the role and the power of trade unions.
The effectiveness of this mechanism, therefore, requires that firms can choose their capital intensity without technical restrictions, that the reduction in wages will not depress effective demand and that an increase in unemployment will generate a decrease in real wage (i.e., that the Phillip's relationship holds).
Compensation via new investment
As Schumpeter emphasized, innovators often reap substantial monopoly profits, which are often reinvested into new ventures that create more employment. This mechanism works in three steps. First, innovation generates profits. Second, the profits are reinvested and therefore new output is produced. Third, the new investment does not increase substantially the capital intensity of the production processes.
However, profits can also be hoarded rather than reinvested. Furthermore, the investment undertaken with the profits might actually introduce more capital intensive (labour saving) techniques of production through new vintages of capital, and therefore reduce employment. Finally, workers may appropriate some of the profits through an increase in wages. As we have just seen in the discussion of the previous mechanism (decrease in wages) this is good news from a Keynesian perspective, and a bad news from a neoclassical perspective.
Compensation via new products
Product innovation affects employment in two different ways. First, the development of radically new consumer goods requires new production facilities and therefore more employment. This is the direct effect of the introduction of new products on the market. Second, the increased Schumpeterian competition generated by new products on the market might drive prices down and reinforce the compensation mechanism via decrease in prices.
Compensation via new machines
The introduction of new process technology requires new capital goods that must be produced by some firms. If the new capital goods are introduced by firms only through the replacement of the old machines with new ones through scrapping without any net investment, then there is only a substitution of the production lines of the old machines with the new ones, and no compensation takes place. However, if the employment created by the production of new capital goods is higher than the unemployment caused by their adoption, than the net balance is even an increase in employment. This mechanism can be effective in periods of radical change in capital goods industries or expanding demand when substantial net investment is required -this mechanism is therefore overlapping with the compensation via new products and via new investment. When demand is stagnant and technical change is incremental usually new labour-saving machines are introduced through scrapping.
Compensation via additional income
This is essentially a Keynesian mechanism that focuses on the role of effective demand. Innovations introduced in the economy generate new income either in the form of profits or higher wages, and effective demand is boosted as new profits and higher wages boost consumption. If the rewards to innovation are mainly profits, however, there is a tension between this mechanism and the compensation mechanism via new investment as the profits are used either to consume more or to invest in new capital goods.
Objectives of analysis and general structure of the model
This brief description of the compensation approach shows that their implicit mechanism substantially relies on the price and the income effects stimulated by the supply shocks. Table 1 summarizes the causal links (and some hindrances) addressed by the compensation theory and by its critics.
INSERT Table 1 here
The optimistic view states that technological unemployment should be reduced within the framework of automatic market adjustments mechanisms, formally in a well-behaved production function contest, once solved in terms of factors demand functions.
The orthodox construction is based on three fundamental assumptions: perfect competition, intertemporal rational optimization and factor elasticity. Under these assumptions output capacity is always completely satisfied and, dynamically, the result is a proportionate increase in all the "deep" variables of the economy (steady-state growth).
In effect, the introduction of variables that measure technological change and globalisation in the analysis does not directly state the existence of a technological component in unemployment. Eventual long lasting effects cannot be directly deduced by the coefficients of the variables. More realistically, they are defined by the different market and non-market feedbacks stimulated. Our aim is to represent a structure capable to reproduce the classical debate on compensation mechanisms, their modern variants and the skeptical arguments proposed by heterodox theorists.
Our problem here is symmetrical to the neoclassical one: the presence of unemployment, by itself, requires a definition of the conditions under which full employment is not obtained. Notice that the model can generate permanent unemployment not only if conditions are removed, but even if they are not completely satisfied. Even in this case, though theoretically the outcomes of an isolated shock are absorbed in a definite period, (whose length changes according to the nature and dimension of the underling market imperfections) our concept of permanence could also be referred to the accumulation of transitory effects induced by continuous shocks. Every long-run has its own short-run! Protracted unemployment may be the result both of supply or demand shocks. The two sides of the market are specified in consideration of the operative aims of the model, but also in the purpose of avoiding excessive theoretical unbalances. The consideration of a possibly demand-led production results in the formalization of the distributional sphere, while our main preoccupation for innovation and globalisation is accounted in the proxies that enter the model at different stages.
This approach combines different theoretical formulations in a common formal structure that should be able to represent, thus to verify, at least three main factors:
i.
The initial impact of technological change, considered in the different forms of product and process innovation and the role of global technologies.
ii. The existence and the measure of compensation market mechanisms
iii. The value of the critical objections to mainstream orthodox approaches, thus the analysis of the relevance of structural relations and of the effects of innovation on them.
This doesn't mean that an agnostic position is assumed. The choice of a model instead of another is not a neutral act. The resulting structure is a function of the factors that the model, as an instrument, is built to address for. Anyway, given the explicit consideration of both optimistic and sceptical arguments, it should result to be less ideologically oriented than approaches that tend to put in evidence exclusively some particular -and selected -aspects of the whole story.
The original proposal for a model in such a fashion, but less comprehensive, is due to Boyer (1988) . His analysis was conducted on a very simplified simultaneous model in six equation for a closed economy without state intervention. Production (labour productivity) and aggregate demand were defined by separate equations, the latter distinguishing in consumption and investment. This framework was then reproduced, refined and tested in Vivarelli (1995) , Pianta and Vivarelli (2000) , Simonetti, Taylor and Vivarelli (2000) . The model has also been recently re-estimated by Castellacci (1998) and Tancioni (1998) . The latter enlarged the model to the foreign sector adding two equations for import and export and distinguishing between manufacturing and services. The results of the various studies were substantially coherent even if estimation method and data structure were quite different.
In this occasion we propose a new version of the model, now considering foreign, monetary and State intervention sectors. Data, formal relations and estimation techniques are renewed as well.
The structure can be conceptually separated in three different functional levels.
The first level is the production sphere, or supply-side. It is now formally defined by a CobbDouglas production function solved respect to productivity and in which capital and labour augmenting factors are specified with respect to population and to an innovation activity proxy (process innovation). In the previous versions of the model the output equation was built in a less standard way, i.e. in a Kaldorian fashion. Labour productivity was a function of gross investments (scrapping logic), innovative activity (process), real wage (technical coefficient and substitution), GDP rate of growth (Kaldor-Verdoorn law) and learning processes. The introduction of a proxy for domestic competitiveness gap for Italy resulted statistically meaningless. Factors elasticity of substitution is now described by the dynamic of the capital-employment ratio, while the role of gross investments is captured in the short-run dynamic error correction model (ECM) solution by the log of the first difference of the capital stock.
The link between supply and demand is qualified by the formalisation of the distributive sphere, here representing the second functional level. The evolution of income distribution between wages, mark-up and prices is completely specified in order to capture the relevance of market mechanisms and industrial power in the definition of the relative participation in sharing the productivity gains.
The third logical stage is the definition of the aggregate demand components. Distribution defines the measure in which innovation and productivity gains have effects on demand and demand on production. The direct effects of innovation activity are also studied at the demand level. The equations for consumption, import and export involve a variable for innovation.
Considering the technological impact on the supply-side, the employment implications can be assessed only after the response effect on distribution and demand of the modeled economy. Table 2 summarizes the causal links between the three different logical stages.
INSERT Table 2 here 3.1. The equations of the model
Employment dynamic definition equation
Employment dynamic is defined adopting the same relation proposed by Sylos Labini (1981), Boyer (1988) and also implicit in the formal construction of Pasinetti (1981) :
where all the variables are considered in logs of first-difference, thus approximately in rates of growth. Variable dn is the employment rate of growth, dgdp is the GDP rate of growth and dprl is the productivity rate of growth.
The relation (3.1) is valid by definition 1 . The mechanism is trivial: increasing labour productivity implies that a given amount of output can be produced by a reduced number of labour inputs. If effective production growth doesn't keep up with technological advances, then increasing productivity will result in decreasing employment.
We have then to define the determinants of gdp and prl.
Supply equation
The evolution of average labour productivity is formalized in a modified Cobb-Douglas production function solved respect to labour productivity and with explicit treatment of the capital and labour augmenting factors. We assume, at this theoretical stage, that it depends on three independent variables:
were proc is the logarithm process innovation rate of growth, k the log of the stock of capital, n the log total employment and pop is the log of population aged 15-64, thus potentially able to work, a proxy for human capital. Last variable considered is a time trend, capturing the part of the technological and human capital growth that is not explained by the variables involved.
Traditional and new growth theorists propose a number of different versions of such equation. The common origin is the Solow's steady-state growth model. Adopting a constant return Cobb-
1-a , 0 < a < 1, under the hypothesis that inputs are defined respect to their respective marginal productivity and that savings are traduced in gross fixed capital formation (investments), I t = S t , where K t+1 = K t (1-kc) + I t , we obtain: prl t = b 0 + g t + a/(1-a)s + a/(1-a)ln(n + g + kc), where s = ln(S t /Y t ), kc is capital consumption and n, g are, respectively, labour force and technology rate of growth. The integration of the first difference version of this relation produces solutions for the steady state factor's levels. Mankiw, Romer and Weil (1992) adopt this starting formulation.
Notice that such solutions are valid exclusively under their hypotheses. If we assume that the remunerations for productive inputs could be, at least in the short-term, different from their marginal values and if I t not necessarily equals S t , (these two alterations are not independent), then the production function solution (in which s is substituted by the rate of investment) looses its implications for the definition of the employment level. The theoretical justifications for such alterations are the standard Keynesian ones.
Considering such limitations, the resulting output equation defines only the technological and organisational conditions necessary for growth, but they are far from being sufficient in the definition of effective growth and employment behaviour. The production function, in this framework, generates only "potential" results.
Neoclassical theory states that the Keynesian outcome is ruled out by sufficiently flexible markets (i.e. prices) for both product and factors. Under these assumption the effective long-run rate of growth is the natural one, where "nature" means technological progress and population dynamics. If distribution is solved as an optimal pricing question, then real wages are treated exclusively as a production cost and output structure completely defines its proper demand. Real world evidence suggests that such conditions are generally not satisfied. If distribution dynamics is treated in a less well-behaved fashion, then demand-side behaviour can't be defined in the supply-side sphere and must be explicitly modeled.
Distribution and price indexes dynamics
Income distribution plays a key role in defining the dynamics of the demand components. We describe the distribution of the productivity gains between real wages and profits (operating surplus) using the following relations: where ur is the total unemployment rate (thus defining a Phillips curve approach for the wage equation), pw ind is a proxy for industrial power, defined in terms of differential between the log of consumption (CPI) and production (PPI) price indexes 2 , comp is a proxy of internal production competitiveness, defined in terms of the difference between the log of domestic production price deflator and rest of the world production price deflator (PPIs). In our estimation we don't allow for heterogeneity in commercial partners. The variable glob is a proxy for the rate of globalisation of the economy and is obtained by the ratio between import and export on GDP. The other variables are have already been introduced. The inclusion of such proxies should define, even roughly, the pressure of the exposure to international competition on the distributive variables. The key parameter, here, is the one for labour productivity. Productivity gains, under competitive market hypotheses, are supposed to be entirely translated into real income dynamics. This is expected to happen both directly, through increases in wages, or indirectly, through price deflation. This second channel is captured by the next equations.
Distributional outcomes are also likely to arise from change in price dynamics. The producer price index is assumed to depend on the following relations 3 :
where p rm is the log of the price deflator for row materials (including oil), p p w is the log of the production price deflator for the rest of the world and the other variables are known. The inclusion of the foreign price deflator, as in wage equation, aims to represent the effects of competition on global markets on domestic productive sector.
Consumer price evolution is formalized as follows: were p m is the log of the imports price deflator and itax is the log of indirect taxes (we could use the rate of indirect taxation as well). The relationship with profits (operating surplus) represents a mark-up pricing hypothesis. In fact, profits enter the price equations only at this second stage.
Export and import price deflators are modelled as follows: where exr is the real exchange rate, gdp w is world demand, gdp is internal demand. The inclusion of the global trade dimension in the export price equation is to verify the possibility that a strong exposure to the external sector would stimulate a contraction in export prices. Also in this case, the last relationship in the export equation reflects a mark-up pricing assumption.
Domestic production and "effective demand" evolution
We assume to live in an open economy with state intervention. The GDP evolution is then defined by the whole patterns of its components' dynamics, i.e. demand components.
It is important to emphasize that this approach is not necessarily a demand-led one. It is also a Keynesian approach, but not exclusively. The logical sequence driving our discussion is in fact supply-oriented. Considering innovation as a starting point is equivalent to analysing supply shocks, but the structure of the model allows us to consider their effects on growth and employment as a result of a complex impulse response system, in particular through the relationships governing distribution and the dynamics of the aggregate demand components.
The demand-production relationships are formalized in the usual way.
gdp = h 0 + h 1 c + h 2 gfcf + h 3 x + h 4 m + h 5 cadg + h 6 (dtaxh+dtaxb+itax) (3.9)
where c is the log of private final consumption, gfcf is the log of gross fixed capital formation, x and m are logs of imports and exports, cadg is the government current account disbursement, and the last three variables are, respectively, direct taxes for household, direct taxes for the business sector and indirect taxes. where prod is the log of product innovation and itax is the log of indirect taxes. The introduction of the product innovation variable prod is explained by the necessity of testing the statistical significance of the assertion that product innovation should be, in view of its direct relation with demand, the labour-augmenting counterpart of innovation. Real wages and surplus are considered after direct taxes. Labour compensation is split into real disposable unitary wages and employment in order to account for the probable different effects on consumption connected to different ways of contracting (or expanding) total compensation. Contractions in employment associated with the same salary mass are likely to produce more dramatic effects on demand than those associated exclusively with contraction in real wages.
Such a difference could also apply in relation to income classes in view of the different propensity to consume. The last two relationships (m3ir is the three-month interest rate) represent the substitution mechanism for the income allocation.
The gross fixed capital formation equation is formalized in the following manner:
where 3mir is the three months real interest rate and the other variables have already been introduced. Notice that each relationship is related, respectively, to the classical, neoclassical and Keynesians approaches.
For exports and imports equations the following formulations are proposed: x -m = bmk (3.14) where rdt is the log of total research and development expenditure, tbn is net trade balance and bmk is the net inflow/outflow of financial capital. The other variables are already known.
Compensating movements connected to net trade unbalances occurs in two alternative ways, depending on the monetary regime adopted. In flexible exchange rates regimes we have: where md is money demand and 3mir w is the interest rate prevailing in leading economies (in our application we adopt the three-months interest rate for the US). In turn, money demand depends on a "text-book" formulation of the relation: where, ttax are total taxes, dGGD is the change of gross domestic debt, cadg is current account government disbursement, c g , gfcf g and ggd serv are, respectively, logs of government consumption, logs government gross fixed capital formation and the logs of interests payments for GGD.
Model properties
This formal approach was shaped by our main objective, that is the macroeconomic analysis of the relationship between technological change, trade growth and employment.
The main characteristic of the model is the joint consideration of both technological and market dynamics. Although innovation is introduced in an exogenous manner, its system impact is analysed in the main possible theoretically configurable ramifications. In that, our formal model tends to constitute a possible bridge between a Keynesian macroeconomic approach, (production is also demand-led), a "structural" definition of employment dynamics, and recent developments in the "new growth theory" approaches.
The operative dress aims to overstep the bounds connected to formalization excessively oriented to particular theoretical approaches. In spite of the fact that a inductive method is not proposed, we are convinced that the attempt to put the question on empirical grounds will result particularly useful, if not as a theory selection criterion, at least as a less ideological approach to the definition of policy prescriptions.
The model is formulated dynamically. This represent an alignment to the modeling tradition of the French "regulationist" school and of the new growth theory analytical framework, but also is a necessary solution to the constraints imposed by the presence, in macroeconomic data, of statistically non-stationary time series. The effective ECM dynamical specifications we will adopt are discussed in the next section.
The following tables summarize the variables' description and data sources ( (table 5) and at the results tables (tables 6, 7 and 8).
INSERT Tables 3, 4 and 5 here
A methodology for the empirical analysis
Local, finite-time processes are often found to exhibit statistical non-stationary patterns. The presence of a unit root in the data generating process (DGP) of the series generates, if not an explosive pattern, a stochastic trend. The main implication is that the first and second moments don't converge to finite bounds, and therefore they are function of time and alter the significance of conventional test procedures. Degenerative distributions compromise the results of the asymptotic theory of estimators in classical econometrics.
The high probability of obtaining a spurious relationship in these circumstances was showed by Granger and Newbold (1974) . They generated 1,000 random walks fishing quasi-random seeds in independently identical distributions and found that a statistically relevant relationship was almost always established. It is worth noting that a spurious relation signals not the absence of a true relationship, but the inconsistence of the statistical instruments by which relevance judgements are generally given.
One of the main answers to the problem has been cointegration analysis. On the basis of the concept of statistical long run equilibrium, this approach suggests various technical procedures, such as residual-based methods (Engle and Granger, 1997) and those related to the Maximum Likelihood (ML) Johansen's (1991) VAR procedure.
Cointegration analysis plays a strong role in the strategy adopted here. The results proposed in this paper are mainly concerned in establishing, at a single equation level, the existence of statistically meaningful relations for the short-run error correction models and their long-run equilibrium solutions. They are derived using an Auto-Regressive Distributed Lag (ARDL) representation for all the equations of the model. Such methodology has been suggested by Pesaran and Shin (1995) in the context of cointegration analysis. In our view, it has the convenience of being applicable irrespective on the stationary behaviour or integration of the time-series involved, thus economizing on the pre-testing phase of the definition of the stochastic properties for the (many) variables involved in the model 4 .
Before giving a detailed discussion of the procedure adopted, some word about its relationship with macroeconometric modeling merit to be spent. Our main interest here is to build a macroeconometric model, hence the "natural" choice should be simultaneous equation modeling (SEM), in particular. In practice, large-scale econometric models are often estimated by standard OLS techniques, thus omitting the representation of residual correlation between equations. The reason for such a choice is generally motivated by identification problems and failure in convergence for the Full Information Maximum Likelihood algorithm. Identification problems often require strong restrictions on short-run dynamics ("incredible restrictions", in Sims' terms) and this factor exposed the practice to serious critiques, substantially focusing on their lack of transparency (Garratt, Lee, Pesaran and Shin, 2000) . Another source of skepticism comes from the conclusions derived from cointegration analysis that stressed the prominent importance of the identification of the long-run relations and the opportunity to model unrestricted short-run dynamics.
The ARDL cointegration approach provides single equation information on the relationships characterizing the long-run behaviour of the time-series involved in our model.
5
The implementation of the methodology here adopted is effectuated using Microfit 4.0 econometric package. The definition of the ARDL model follows a preliminary test for cointegration effectuated on the basis of the approach suggested by Pesaran et al. (1996) . It is based on a modified F-test statistic for the significance of the inclusion of the lagged levels for the variable of the ECM form of the underling ARDL model. In a second step the parameters of the model are estimated.
The general structure for the ARDL approach is the following:
.., k, p = 1, 2, ..., h, q = 1, 2, ..., m, where L is the lag operator and W t is a s x 1 vector of deterministic variables (intercept, trends, seasonal dummies).
Dealing with quarterly data for p and q we choose a starting value of 4. This produces a total of (m+1) k+1 different ARDL models. The choice of the relevant model is based on information Maximum Likelihood model selection criteria, namely Akaike Information Criterion (AIC) and Schwarz Bayesian Criterion (SBC). Such criteria basically are defined by the definition of two different loss function for the correction of the not-nested ML estimates. The rationale behind these selection criteria is that augmenting the number of regressors (variables or lags) we obtain higher values for ML, but at the same time we produce an higher risk of incurring in misleading results while decreasing degrees of freedom. Information criteria correct for such risk. Once the model has been selected, the program calculates the ECM representation and the long-run solution. For the ECM corresponding to the selected model the coefficient are given by the relation:
where i = 1, 2,…, k.
For the long-run coefficients the relation is:
where δˆis the OLS estimate of the general ARDL definition 4.1.
Results for Italy and the United Kingdom
The results of the ARDL estimation procedure are presented in tables 6 and 7, which report, respectively, the ECM and the long-run solutions for Italy and the UK.
A detailed discussion of the whole set of econometric outputs lies outside the scope of this paper. The focus is mainly on the analysis of the signs of the estimated coefficients with respect to the expected signs, also in relation with the compensation mechanisms they are referred to.
INSERT Tables 6 and 7 here   In table 8 the results from the long-run solution of the ARDL estimation are compared with the expected signs for the coefficients in order to give an immediate view of the adherence of the empirical model to the available data. For a deeper understanding of the results we should also look at the dynamic, short-term, ECM solutions. Such results give information not only about the correctness of the direction and the strength of the estimated coefficients, but even on the dynamic shape of the relations, the dimension and the speed of convergence to their long-run solutions.
INSERT Table 8 here
The estimated parameters of the modified Cobb-Douglas production function have the expected signs and are statistically meaningful. In the Italian case, the population input results scarcely meaningful by a statistical point of view. This could be justified by the actual decreasing population dynamics.
The regressions for the distributional part of the model confirm, in general, the expected signs of their estimated parameters and their statistical meaning. The operating surplus equation strongly depends on productivity dynamic both for Italy and the UK. The main difference here is that in the Italian case a statistical meaning for the global competition variables was not found. The error correction term in the dynamic solutions is bigger in the UK, thus signaling a faster speed of convergence to the statistical equilibrium values for the variables of this economy. This result is almost general to all the estimated equations, with UK showing a general higher dimension for the estimated error-correction term, which implies a faster convergence to the attracting long-run equilibrium relation. The Phillips (wage) equation is substantially similar in the two countries, with coefficients respecting the expected signs, a weak Phillips relationship and no statistical meaning for the "global competition" variables. The main difference is a higher dimension for the parameter expressing the measure of the appropriation of the productivity gains for the working class in the UK case. The estimated equation for PPI denotes two unexpected results: a positive coefficient for the effect of productivity gains on prices in Italy and a positive coefficient (even if very small) for the global competitors' (world) production price index variable for the UK. The former result is in line with the outcomes of other investigations on the topic and it is generally explained by the presence of a less competitive market in the Italian case. The other estimated equations for prices have the expected signs and are substantially similar even in the coefficients' dimension, except for the presence, in the Italian case, of a meaningful and positive relation between the export price index and the real private sector operating surplus.
The estimates of the consumption equation are coherent with the expectations. Real wages, employment and profits are strongly meaningful (i.e. distribution) in both the countries, even though the dimension of the effect of the operating surplus on consumption is weaker in the UK case. In general, the working class income dynamic (salary mass or wage and employment dynamics) results more relevant in defining the consumption behaviour in both countries.
From the estimation of the investment equation we are forced to reject the interest rate as a statistically meaningful long-run factor explaining the investment activity, while the Keynesian acceleration mechanism is strongly confirmed in both the national economy experiences.
The results from the export equation are coherent with the theoretical expectations, even if evidence in favour of a direct effect of innovation was not found in either country. The import equation estimation for Italy confirms the weakness of the global market competition explanations and the absence of the expected sign for the relationship with the real exchange rate. Such results could be explained by the high exposure of the Italian productive structure to energy and primary goods in general, thus to a rigid structure of the imports.
The exchange rate equation estimate is coherent with the expectation for both the countries. The main difference is a bigger dimension, in the Italian case, of the positive relationship with the price differential.
The results from the three-month interest rate (monetary policy reaction rule) could be considered substantially theory-coherent, even if the evidence for the relationship with the capital inflows/outflows balance is not found both in the short and the long-run solutions. The major relationship was the one with the US official discount rate. The dimension of such relationship is particularly relevant in the Italian case.
The money (M2) demand equation estimate is coherent with the expectations in both the economies. A bigger coefficient for the demand for transactions is found in the Italian case.
These results show that the model sheds light on the questions that have motivated its structure. In general, the results are coherent with the theoretical a priori. The country-specific differences are generally grounded on substantially different institutional set-up.
The concluding section is dedicated to a brief discussion of such results in the light of the compensation theory.
Concluding remarks
The aim of this paper was to illustrate how the macroeconomic model here presented can be useful to improve our understanding of the impact of new technology and trade on the dynamics of employment. Studies that focus on microeconomic agents or industries offer useful detailed information about the processes that occur in the economy but they fail to capture feedbacks that involve other parts of the economy. Although macroeconomic models lack the detail of microeconomic analysis they can capture a number of feedbacks that take place at the level of the whole economic system. This, in turn, helps us understand the effect of the institutional structure of a country on the processes that mediate the impact of innovation on employment dynamics.
The results of the empirical analysis show that although many processes that take place in the economy are common to both Italy and the United Kingdom, there are also important differences in the effectiveness of the various compensation mechanisms in the two countries.
For example, the results of equation 5 show that for Italy the compensation mechanism via prices is not effective as the parameter d 3 , which indicates the impact of changes in productivity on the dynamics of prices, is positive rather than negative as the theory predicts. The results for the other parameters that measure the effectiveness of compensation via prices are as expected for the domestic economy in both Italy and the UK. However, the mechanism breaks down in the case of Italy because productivity increases are associated with higher, rather than lower, prices. As it was hinted above, this result indicates that the lack of competitive market structure in Italy makes it possible for producers to appropriate productivity gains instead of passing them to the consumers through lower prices.
The international loops of the compensation mechanism via prices work reasonably for both countries, although in the Italian case changes in competitiveness do not affect imports.
The difference that the institutional structure makes to the compensation mechanisms is also highlighted by the differences in the coefficients related to the compensation mechanism via new machines. Whilst b 1 , the effect of productivity on operating surplus, is positive, highly significant and of similar magnitude in both countries, the coefficient m 1 , which measures the impact of profits on investment, for Italy is more than twice the size of that for the UK.
The difference in the coefficient for the two countries means that profits are more important for investment in Italy than in the UK. This result is consistent with previous studies of capital markets in the two countries, which have shown that the stock market has an important role for corporate finance in the UK while the Italian financial system is 'less developed'. The higher value of the coefficient m 1 for Italy can be read as evidence that Italian firms operate in a less sophisticated capital market than their British counterparts, and have to rely more on internal finance to fund their investment in the face of rationing.
Perhaps the most illuminating differences between Italy and the UK can be seen in the case of the Keynesian income effect. In the Italian case, consumption significantly depends on wages, employment and profits (l 1 , l 2 and l 3 respectively) whilst these coefficients are not statistically significant for the UK. In fact, consumption in the UK is mainly driven by price factors with the size of the coefficient l 7 , the effect of prices on consumption, seven times higher in the UK than in Italy.
The strong results of the wage variable for Italy (l 1 ) also indicate that the Keynesian critique to compensation via wages receives empirical support in the case of Italy whilst is weaker in the case of the UK.
Finally, the results show that process innovation is more important in the UK, for which the coefficient a 2 is more than double that of Italy, whilst product innovation (l 4 ) has no significant impact on consumption in the UK and only a small impact, though statistically very significant, in Italy.
To sum up, the empirical results reveal significant differences between Italy and the UK in the way the institutional structure of the economy reacts to supply side shocks arising from process and product innovation. These differences influence the effectiveness of the various compensation mechanisms and therefore have to be considered carefully in the formulation of economic policies.
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3) New investments
Investments → ↑ Productivity (scrapping) 4) New products • the variables for r 2 were not in logs.
equation parameter description

